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(57)Abstract 

PROBLEM TO BE SOLVED: To provide a device for 
laser beam machining with which a work to be machined 
is precisely cut without a molten part or a crack which is 
deviated from a planned cutting line on the surface of 
the work to be machined. 

SOLUTION: The device is provided with a laser beam 
source 101 which emits a pulse laser beam of which 
pulse width is 1 fxs smaller, a power adjustment part 401 
which adjusts the magnitude of the power of the pulse 
laser beam, a lens selection mechanism 403 including a 
plurality of condenser lenses which condense the pulse 
laser beam so that the peak power density at the focal 
point P of the pulse laser beam becomes 1 X 108 
(W/cm2) or larger, a Z-axis stage 113 with which the 
focal point P of the pulse laser beam condensed with the 
condenser lenses is positioned inside the work 1 to be 
machined, and an X (Y)-axis stages 109 (111) which 
relatively moves the focal point P along the planned 
cutting line 5 of the work 1 to be machined. The 
respective aperture numbers of optical system including the condenser lenses 105a to 105c are 
different from one another. The dimension of a property modification spot formed inside the 
work 1 to be machined is controlled by adjusting the aperture number and the magnitude of the 
power of the pulse laser beam. The dimension is displayed prior to the machining with the laser 
beam. 
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[0<O3 9] COJ:5a^6?!RlR*Slfflf*a>*SBg 
^1C^§ I/— VtnXOWMlZ-D^Tffl 1 ~0 6 £fflV^T 

wmtZo ®iiiu-vijaxtp(DtsQXftMi>i<o¥m® 

r*& *> » 0 2 «0 1 K^rfinijMMfc 1 on— 1 ititc^ 
o fcKffiH-e* 0.03 « b— tfbpx&©;&px*t#^ 1 
©¥360 1*& 0 , 0 4 «0 3 £ jjVf Jpxtti^ 1 © IV- 

tiQXttMWs 1 wss-Tia&^o 

[ 0 0 4 0 ] 0 1 &tf0 2 J: 3 tc, tiaXttgkVti 1 
©^®3iai^$r^5£^>5tffe<5 0 «»r?^7^y 

[00 4 1] l/-fE^lrft7'r > 5 fcfto T 



fctiD, jfe)ejSiP*«»r?S5-r>.5K»t>T8!»S 
■&^o ctuciD, 03~05£^f <fc5Kr&S^i£7 

wasf^^ > 5 tc&-? -zpaxsams 1 ©rtgwc©;?* 
^fig^n^o ^EMBg»k«!5u--ifitaJC5satt, tax 
%m& 1 # u— tf m^tRix-r 5 c^ia d wxnma 

1 £fM£-eT5fcg«ji£7 *&jft-r«©T*ttttV\ APX 

mm 1 Ku-if3ttL«M««iiii«*« 1 ©wwc 

ot, iaxftmt 1 ©*® 3 i?t± u-ifTteLWs fc 
BRiK3n&i^©T\ irax*f£%i 1 ©Sffi3#7§at 

[0 0 4 2] isaxMMm 1 o«»rC*^T, iaWf 5© 

^Tfc^56^s tiuxmiVD 1 tt^oe^?)fjn-5<D 

WTScttf-e^S. J;oT, ijpx*fg$& l ©^ffi 3 
ic^&g&gijn^^-es c fcfc < buXftMVs l 
ISf^Rril^«:5o 

[0043] fcfc, efeM^^^tbfcirax^^i© 

t>s ^fm&^tLTtoxmmimitu taxnm . 

nsttt, Anxtt#i#^»Mv-f>K}B^ 
Tipx^^itctttflS^^^Jt^^inx.fcOv inx 

£ K <t 0 % &S®lg&£igj5 t TiPXWii^©»fffi^l^ 
(P^^Irj) iciRiA^'T&^StuWtu ^WtcipiW^ 

nTV^i/^gU^±©^®$ T»iJtuWfe6* c i: *»& < . 

i»Haj*jB)RufcSP»±©aiB©**aiwt-* c 

U n x/n^©^»»«> xM©JpWili < * SiitnUC 
*-*©tf. c©J:5aia»tt©J:v^|iJ»f^tttt^^» 

[0 0 4 4] *^fiS^C33l/^T^?MtC«fc 

D«ia*nsiS«««fc'Lr, &© (1) ~ (3) *<s 

So 

[0045] c 1 ) i^i^tf-oxiiia© * 5 ^ 
u-*fyt*ljQXZmVa (.m x MiS^ 7. rraoa 5 * 5 

«W3SSA^ lxio' (W/cm 2 ) .fiLkT?Ao/W/X(B*« 1 
MsKT©*ftTMB»r«. c©^;l/^fi©**«tt. 



(11) 



2 0 0 2-2 0 5 1 8 1 
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mm&snzo m^&(o±mmtLxu. man 

X 1 0 12 (W/cn> 2 ) T?&5„ lns~ 2 

0 0 nsAWS L^o **3, &X&m.K. <fc -5 * 5 «y 

mv&mt. mzis. %a smu-^mtaxm^ik^: 

1(1 9 9 8^. 1 23) £>3t2 3H~!fl2 8H<9 l"0 10 

[0 0 4 6] mmt.&t^^v^ffyiz^ 
[0047] (a) iaxnma : /Uu^x^x 

(^7 00/jib) 
(B) b-rtf 

: ¥«&b— tfE&i£Nd:YAGb— if 
ifcg : 1 0 6 4nm 20 
hmmm : 3. 1 4 X 1 0- 8 cm 2 

m^MLffiim. ■ 1 0 okHz 

'WXfll : 3 0ns . 
mi3 : iH*K 1 mj/;VlX 
U— If ftiSK : TEMoo 

(0 mtmwx 

(D) inxft#i$!*%B£n5S«&©g!&jffi : 10 30 
0mni/# 

[0 0 4 8] 0 7(i±ia^€>^^^-r^77Tfe 

KO^t^fi, *7>y?X# 40 
cO^g^l HfJPlfc (NA) #0. 8 0<Oi^$ 

(O ofg^5 om. mam. (na) # o. 5 5®m& 

T?&3„ tf-i'/^-^lif^ 1 0" (W/cm 2 ) 
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XAfcOV>T08~01 l^ffll/^T^fSo 08 fcj^ 

t3ffl$&tb%>o m 9 fc^-r <fc 3 k * ^ y ?mm 9*b& 
1 1 k^-t j; 5 icinii*4*» 1 awn* c t ic «fc 0 sox 

10050] ( 2 ) tsm.mmmmxmmi<om^ 
u-vytztiaxttms mmt^)^y<o^or^mw 

3fiS«<l x 1 o 8 (W/cm 2 ) JK±T»*o/WX|B*M ^s 

WTffl^feft-pjsiifrs. cnt £ 0 ioxj^feortiJti 

£t>^ttitf>-o*mm?Zo tit. ®mmwm&m. 

rc®&£^5z£t>-i*i*z 0 mtfs Mte&m 
m^immmmicmt LtcmtL mm&mmfr 

*«S«Bi«$«rtBififc:«fbbfc««*ai*f «. iax 

mthXit, x 1 o 12 (W/cm 2 ) 

1 ns~2 0 Ons*W$U^\ 
[00 5 1] *%B^#tt N -> U 3 xM(DF*ig|5TjgK[ 

[0 0 5 2] (A) bQXftmVO : (^£ 
3 5 0 /im, ^S4-T>^) 

(B) b-Hf 
ft® : U— If fSsmu :YAG U— tf 
iSfi : 1 0 6 4 nm 

U-f^7h»fI«: 3. 14xi o- 8 cid 2 

^OjILJS^SSt : 1 0 OkHz 

•: 3 Ons 
Hi* : 2 0 /i J/^;l/X 
U— »fftp t SK : TEMoo 
ffifft&tt : S^{lft 



(12) 



#1192 0 0 2-2 0 5 1 8 1 
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^ : 5 Ote. 
NA: 0. 5 5 

u— vytmmicfttzmMm •■ 6 o^— tyh 
(d) toxttmmmmztizMwtivi&mmm : i o 

0mm/'# 

mmi$L<DmZl5fa<D*.%-$& l 0 O /imggT*;&S„ 10 

[0053] mmmmm 1 3*^?®iRt<j;t)^fig 

StlfcililfcPE-rSc 01 3«, *fft©j£ft£^ 

U 3>Sft©P*-t* t 5 0 /i nk 10 0 /inu 2 0 0 /inu 
5 0 0 /inu 1 0 0 0 /imO#^ltOV>T±fHM^^b 

fco 

[0 0 5 4] 09^.(f, Nd:YAGb-1f(D^feT^5 1 0 6 
4nm^43VT, isV ZiyWfo.<OWfrti i 5 0 0 /imJ^T© 20 

y 3 >sfficD«gi5T-tt v— *fft# 8 o %u±m 
mtzctttftfrZo 0r2tc^-ryyny>x/M 1 

©JI£«3 5 0 jimT'&S©T\ ^ftWRfciSSBIl 

*aa^ti->y3>">x-'MDtti^i£^ 

ff^O 0/i«^^y3^xMfc##fc-f Sfc % 9 0 
■%fiLhftO-p. U-W'>'Jnyi)xAi 1 ©(We 
RiRSn3©a{ljtp-?&r> % J$i:A,ir*^3i-r§o c© 

nr. }§aw8ia®ia*^>y3y>x/M 1 ©^smc^ m 
fig) *nfefe©T?«*<. mtttMnjw&imftafi: 

.ky^fig^tifcCii^itulc-rSo &>&wuc*&i8& 

£6fift (2 0 0 0^4 3) ©|g7 2H-S&7 3H© 
rtT3g>/^|/XU— »f «fc S -> «J n >©iiPl1f|4ffPMj 

[0 0 5 5] S/yn^^x^Ji. JSBMBJI^iS* 

ti*^>y 3><7x^©^®£gffi{;:iiJil-rs;ii:ti:J: 40 

fc5M-r§c©fijn«iM{cfigs-rsti^fefe5u ad 

ffi fcfijtltf i fc&Cfigg-r S ©&, -fi»ffi!^SH'fb L fc 

& sontfjfig-r s n -&Rtfr§H!*> e SHfb-r s « 
ffitD^^e.fim^fi)cft-ri»«^co3^ / >*< tt^-f 

ftfr-OT*&S„ ^-fn©t§£t>#j$r&©»ffi{i0 1 
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ioi^^ortgufc^BMaa^^fig-rs^ fij^r 
[0056] ( 3 ) nmmmmm mzmmomt 

^t»-&T, m^tCfeltS«W^g*M X 1 0 8 (W/c 
m 2 ) «±7*»0/VPX«^ 1 nsUT<D$k®-l?mMtZo 

x^>i/^-tig{b-i±-rit, ipi«^©rtgi5ic{±-r*> 

^B B B ffcX{i^^B2lRl^©^WJ5:<ijS^(t^ 

ESflfcLTti, 0iJ;Uf 1 x 1 o 12 (w/an 2 ) -efcs. 
Jl/XflttWfctf 1 ns«T*W$ L < . 1 ps&LTtfiZ £>E 

mx.&. %4 zmu-^maxm^rnxm (199 7 

1 l£) ©fgl 0 5H~fgl 1 1H© T^xAh# 
U-1f-SSI*fC«}:5^7^F«3g|5'\©^|f©Pji0fitl {C 

[0 0 5 7] W±©J:3t*^at»»R:J:ti«, 
^^3fe : ?%iRfc«feD^figLTV>So ^LT. *^«g^ 
^^©/^-©^c^^^^ffluyx 
«#t«K^«©iapa©*t?*iBfflPr«ci:EJ:0. 
5feSX^>y h©v|-}S^M®iLTV^o aSX^yhi: 
u— »f)fe© 1 ^;l/X©~> h y h 0 l 

[0058] ^^^^^^-y>*^^-rrst> <3»r? 

^7-<>fc^^fciini«^©^»f©mS^T*^, S 
«»f®©¥ateb^< CtltC^T014~ 
01 9^ffll/^TS4B^-TS 0 01 4tt*§fcffl8B8!K:&5U 

»jabfe«^©ipi«*» i ©¥®0-efe-5o 0 1 5« 

01 4©^]»f : ?^l'>5±©XV-XVE}ftoT^aWLrc 
®f®0-e35So 01 6, 01 7. 01 8ti^n j ftl01 
4©^JBf^5-r>5i:E?5'rsxvi-xvK XVII-XVI1. 
XVIII-XVII»C&oT93»fLfd0rffi0-£&5o cn5>© 

Si:, h9 0©*^£©tf£of 

<%5o «toT, 01 Qfc^-ri.dKrftJW^^^ys 

finitt** 1 ©^JWffi 4 3 ©C30*^t < «:S©^»f 
ffi4 3©¥ffltt^K45o CiXt^Lt, 02O»C^ 

=y v ZXtfv h 9 0 £ttf£W/h£ < (0O*{£ 2 0 /imW 
T) 0fi£-TSi:> *7*y**#y h 9 0^— lcBf£T* 
^fr-oP'y-ytXtfv h 9 0©^JK^^'<'>©*^ 



' 23. " 

zk? «t 9 fcrSWr?^-* y 5 ic&~> fciraiftg^ i ©gj 

[0 0 5 9] C©<fc7K:;7^y7X#<y hj^ftf^* 

f €3 £iraittt*©«ISrtfESt£&*o 
[0 0 6 0] ^m&mte&ni£?7y?7>tfy h©tf 

100.NA0. 8<DMG<D{7?y{rZtfv h©*££ 

u\ miemuz'Xofem 5.0, nao. 5 scs^©^? 

>y 7X#>y h©*tf£<fc 9 < tf-^7- 
SBgffc^ 9cmm L/£<fc 9 (C fft© 1 ^;l/X^fc 0 

£©T\ e-^7-&SDWlC£«:b-lfft©/<7- 

myemu>x<Dmn%itf±2< ojvaro =5:5 £ *9 <y 20 

*X#>y h©^*^ < <) WWegSo 

CO 0 6 1 3 *3WU>X©lflP»tfHUT»fe, 
U-1f3te©/V7- (£-*^7-$a) £/h£<T5£ 
^7>v^X*7h ©^i££/h£ < WW??*. b—9%© 

CO 0 6 2] <fcoT\ 07t^-r^7*>6^5<k5 

©/V7-£/J^< £|c«fcD ^7 >7*X#>y h©^f 

< f 5 Ht*]s-4fft<0/V7-lZ±% < C £fc 
J:D *5y*X#;y h©^£*£<i|iiJWe££o 
[0 0 6 3] t^'virX&v F©\fffiWW»COV>T s 0 

PP&©*ftffl b yX^ffi^T A/bXb-Hf ftii>W 

Ht, C © b— tf !$S*{C «fc 9 £ft?!!RlK£ig C^tSL 

ftfc^-y^X^y K9 0<D®rIB@-??&£o — ^ 02 40 

W«ft|XHM 1 cD»f®0T*fe5o 0 2 5«, 
>y^X#>y 1-9 O©Br®0T*&* o ^77^X^7 h 9 

0 <Di£-ghi±mm 4 1 obuxttmvB 1 ©jss?? i^c^t* 

5^i£{cft#U >7y*X#y h 9 0tDifgwii®igE4 

1 (DbuxttmVa 1 ©JP£#fr£iI&?-£,#ft©Tfmflc 



) #^2 0 0 2-205 18 1 
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ft 6 © <t?>t ^^y^X^yb9 0<om^ 
h*mw**%< T*#5 a 02 3 £02 5^itig?-rn(fB^ 

<) MWees. 

[0 0 6 4] 02 6fC^-rWis 02 2fcjj^T 

0!l ± ?>'.hS W<7-0/WX U-1fftL*^a5{C*ft$ 

nrv^fini^^ 1 ©»rffi0T-&£„ 026 fc*-r«l 

■tftiU— !fft<D^7-^/J^ < l/Tl/"»*OT?««4 1© 
®«ti02 2tC^-T^i|?4 1 <fcD*>/N*<&3o 02 7 
H\ *fm©P^fcj;3£ft»KtfIC0T-J£ 
$£ftfc*^y*X#>y h9 O©Br®0T*&3 o 02 3 
£02 7©it^6HJ&*^J;9(C > «ftfflV^X<D^a 
b— ?ft©^7-£/Jv?< C*:§<) 

< <*#<) IHfP?««. 

[0 0 6 5] ^BtC, 02 8^-TWi, 02 4t^-r 
M& t)/J^(/>^7-(0^;l/7. U— tfftL^rtSPK^ft^ 
nTV^ftlXJMkW 1 ©»r®0T*^So 02 9 il<D 

^7y^f?h9 O©0f®0Tfe5 o 02 3 £02 9 
OJtR*> <fc 7 fc, «ftffl 1^ VXOMPa«c* 

< (/J^O L^OU- »fft<DA7-^/jN$ < C*:* 
<) -T5£, *7>>y?X#-y h9 0 <D^h J f'ig ff 0^i4 

e*:€<) WW?**. 
[0 0 6 6] £C5T\ ^7^>y^X^«y KDJgfi8Wfil«: 

yry^<Dm^vmt^nx^<o iot, ^^4 1 
[0067] w±<D«k 5 ttmrntemic «tn«*^ 5 >y ^ 

h©^S4^JWZ?*5o 79<7^X4?«7 h©^j* 

a*x#vh©Tfi£*iMWz?**©"t\ ff*'*»ik« 
A^o, «BfilB©3Fffltt*Uo^Bf*-rsc:fc*«prfiB 
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&ffl 2 0 0 2 - 2 0 5 1 8 1 
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[ o o 6 8 ] $ it. mx &toxmm<Dm&fiitL&mm 

(CSV'T* Mz.im 2 0 RXfm 2 l icztfr «fc 5 fc. «»f 
[0 0 6 9] 3feK*#>y htDxf-feO^JWTt-SilttC 

t^mti (w) "PSfckfe-pir*. 
C 0.0 7 0] *m$tl®JM*ffl£l^'r«. 20 

c.o 071] cm 1 0>j] *^fifs^^©^ 1 mem z u- 

«. u— ym^ig^-r * is-*r%mi o i b— »f 

1 0 1 *um?% u—*rytmmt® io2t, u-^yt 
mi 0 1 tpzm%znrzu-v t ftL<D/*'7-*m8ii?z> 

^7-Slgpffl54 0 1 
[0 0 7 2] ^7-|Sgj5g|54 0 1 tt % 0!IS.tit, ?ff&<DND 
(neutral density)7W7U^ ^-ND^-f/t/^U— *f 30 
7tL©^ll!|{C^LTSB^:{£[H»c^lti^-&fc t> L^-ifm 

tt % X*;l/#-©f§*f#7&MJ£^;i 5 c t ft < ft 

nznmx&tfmKZo w-mm* o 1 a, im<D 
mv-i frzomntmit en c tic* 
t>> b— •man 0 1 frsai^nrcu— ijmcvvjr 
-Assist &43. m^my^^^KDmfm^n^ 

tU ^7-9»J4 0 lJ^U-1f3ttLO)i6ttR:J»LT 
A7-^rpgf5-r 5 c: 1 1, 1? 1 5o 

[0 0 7 3] &*5 N /S>7-pgj5g|S4 0 1 Its W.mmft<D 

v— hkssh 0 1 jc43^T3tttt%«f fcicwimvn&rcif 
1 *»6tai*«nfcu— «fyeL©/^-r*warrsd 



%mm& 1 0 2 -eMfft-s c fctc«k D, b— tffti® 1 
35 4 0 1 Rtf U— Vm§3gm& 1 0 2 ©'>& < t u>-r 

n^-^-fc i o ussf s c i: # t» t ^ o \/—*?%mm 

95 1 0 2 in d; 5 U— If m©^7-«DiSgi5rctt 

J^O xfj* *Bf T* 1 5 OT-^nff / S7 4 0 

D^r^nSo 

[007 5] P-ifiniSK4 ooti^atc, /*7-m 
Si5gP4 0 1 Tv^y-^iS0^nfcb-lf7 l a.A<AMb^ 
oU-1fftUDftffl<0|qjir£9 0* ^S<t5ttB2B5 
nfc^^a-T>y^5v-l 0 3t, ^^a^y^5 
7-10 3 Tffi»*nfeU— tf»K«3tf u 
>X*^#tfU^^S?Ml4 0 3i:, b^XSiRtSI 

«! 4 0 3 i&mm « u>xs«?a«f&jfpgi5 4 o 5 ^ 

[0 0 7 6] b>Xiilft$#f 4 0 3«^fflb^Xl 0 
5 a,. 10 5b. 10 5c^ cn5Hjtmtfi 
4 0 7fc, *fiSx.5o MftmXsyXl 0 5a^Cr^ 

^o^pis. mytmuyxi 0 5 b^#ty^^©ggp 
*3tefflb>xi 0 5 c*#tyft^©fiani&«*-n 

^n^*5 0 UyX3H?ti#}4 0 3 tts byXSS?««l 
Um&A 0 5*^<DM#fcS^V^T^®4 0 7*EMB' 

■£&5ntK£*)s myemuyxi 0 5 a. 10 5b. 
1 0 5 c^frcmmoittftfflbvx^u-- »fm<Dft 

HLhfciBHS^S, -T^to-fe. b>XS««l«l4 0 3« 

[0 0 7 7] &43, UVXW£m®4 0 3K9lf*tt6n 
5*^fflb^X<0|&{i3<@{C|5S^^n^ ftlttttOR 
•et b-ifiJDIgK©^#*^T*lttBJ-r 
•$J»ffl 2 7(c*-^-K^ffl^TP,3P3a<D^f 
ti*)tfflb>Xl 0 5 a, 10 5b. 105c<D?^if 

n^Mffi-rsji^Atcrsiifitcj:'?. mmu> 
[0078] *fipxsM4 0 oit-z ziCs mytHis 

>Xl0 5a~105cCD5-5 U— tf^L03t«[|±{uffi 

nzuanttrnv!} 1 ftw^nsma^ 1 0 7 1> 

1 0 7%xlft^{c^l6$-<J:^fci&<DX$fiX7 i — V s 1 0 9 

•^i.0 7*x*b&i^icii5rrsYtto!riRifc:#»* 
^?>rctb(om7s7—^i 1 1 i:. fge^i oizmx. 

v—-Jl 1 3 cn5HOOXf—>*l 0 9.111. 
1 1 3©»ft*M»-r**-r-S>iM»»l 15t?l 
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^^P<DX(Y)lfi^|q|(D^i&{i, ADXttMj 1 %X(Y)$|!| 
0 9 (111) t«tt)X(Y)flll*(qI{C^S!l?-& 
^Ci:{t<tD^5o X(Y)flflX7 1 -v ? 1 0 9 (1 1 1) 

CO 0 8 0] U— Vim 1 0 1 ti;VWU- 91&m£. 
TSNdiYAGlv— (fT'&So U— ^iHl 0 1 CfflV^d io 
««T? £ 5 W 9* £ LT, C ©AS. Nd :YV04 iv— »f ^Nd : 

IBW^JlnWMIiBWfeJBiat*^ Nd:YAGiV— 9\ N 
d:YV04l^-if. NdiYLF^-^fflV-^tDAW^&So 

[o o 8 i ] n i «T?»jD±i*WSi i ©finxfc/wxp 

5 a ~ 1 0 5 c «^#SO-PJT^5o ZttlXf— J? 20 

%^®.<D-mT*$>z> 0 m%m uyx 1 o 5 a ~ 1 0 5 c 

[0082] u— finxgH4 0 oa^^fc, mmte 1 

0 7 KttHsnfcinij*** 1 *^m%®i\z£>omw-? 
zrc&ic^&ymzn3:?5 > wmmytmi nt, 94 

1 0 5fc<DMtc^^D^-y^5v-l 0 3#EB£n 

fcr-AX7y«y# 1 1 9«, m®ym<D®¥tt 

mmmni 1 7fr^£Lfc>romitr-Axx*y-y 
*i 1 9 ?m*fttfsi®zn, aosmsnitsmxm 
&?j9vs(yi?s.7- 1 0 3Rvmytmuyxi 0 5 
*jffiA u anx*^ 1 (omm^m^-f > 5 ^^t? s 

®3£«f So 

[0 0 8 3] b-+finxgB4 0 0ti£5t^ tf-AX 40 

^y-y* 1 1 9, 94 tuj \ 0 3&tfifift 
mvyxi 0 5 krat3tt«i±fcEHsnfc»«jR? 1 2 

1 Rtftt«U>X 1 2 3 §1x3, Jl«^ 1 2 1 i: L 
Ttif$)^. (#CCD (charge -coup led dev ice) A 7 tf%> -So 
^SV'f V 5 ^#t?«® 3 £f£H Ufc PlSBlfiR© 

fcmm*. mytmuyxi 05, rs^D-r^^- 
103. e-w;-^ 1 1 9^jSu mmuyx 

1 2 3T*^$S£tlTJl{t!j?t? 1 2 1 T«^ti s 



I #^2002-205181 

28 

zmm 12 5 2;. u— ?finx^B4 0 o^iMMfrr 

*^»W»ff 12 7 2:, 1 2 9 £, £fi»;L£. }S 

^x-^jaaspi 2 5«, jt«x-^%S(cbTa«ffl 

36® 1 1 7 7f«4LfcRra3fe«!)«US*OT3±K^*>« 

tTXx-^Jffligpi 1 5WXr-yi 1 3£&I& 
SOtrrscfclcfctK ^ft©ifc&tf3?ffi 3 
{cfSo <fcoT, Ji^x-^JQagP 1 2 5fcbi— 

1 2 7tc^&n, ^^jSfgpr-^aMSA^^n. =e- 

[oo8 5] £#mw& 1 2 7 Ktt, XT—vmim 1 
1 sa^ox-*, jt^-^ssui 2 5fre><Dmm 

sunm* 102, m&mxm. 1 1 7Ra*x5 i -^jffligp . 

1 1 Sfcf&dirrscfcfcJ:!), u— ♦firaxgffi4 oo£ 
f*%*W"rSo iot« £WRIMSl 2 7«nytri— 

/^y-ngpsP4 0 1 fc«atWKgasi«nTv*.:ia3 1 

(D-kZZtfAJlZnZ Htlc£ t). £tt&np& 1 2 7« 
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[03 0] 



/*9-SS(W/cm2) 




1.19X10 11 


30 


1.49X10 11 


60 


179X10 11 


80 


2.j98x10 11 


120 


5.96X10 11 


180 



W W W W «^ %J» „ 

^ ^ ^ JR 

90 



„3 
-1 



[03 7] 



[0 3 3] 



13 2] 



127 



129 



415 



411 



t 



413— gassissj 



IB 




/<9-ffi£(W/cm2) 




1.24 X10 11 


0.55 


120 


1.49X10 11 


0.55 


150 


1.19X10 11 


0.8 


30 


1.49X10 11 


0.8 


60 




(24) 



#1132 0 0 2-2 0 5 1 8 1 



13 1] 




117 



401 



405 



105c- 



107— 



113- 

111- 

109-^ 




400 



129 



J 



m 3 9j 

L 



127 
125 



—115 



c 



105 



5 




[03 6] 



I 



S101 



tpi^tta^zw^iS)(p^»a$^sl — S103 



J— S105 



— S109 



ttaicAix«st^2»^is»^a — sin 




105 



I 



J— S115 



[04 4] 

129 



tf— Ax^X/0^501 



/<9-IBf&ft 401- 



417 



127 



413 ' 




. ^ 1 





[04 3] 
L 



>-601 



T T 105 



v. 



14 5] 



129 







| 127 




419 










413 1 









*£H32 0O2 



-2 0 5 1 8 1 



13 8] 



102 



117 



<£z~b? — 123 



101 



L 4p^ 



1l9--py 




500 



J 



-129 



-127 



125 



-115 



14 1] 



102 



101 



603 



-123 




1— [ 
107-HZ 

113- 



111 — [ 

109 



600 



129 



,7 



125 



~115 



[04 6] 



^E— £ 129 



/<r7-IS0SP 401 

U>XS««l«*IffilfiP405 
tf-Ax^X/<>^501 
4E^U^SP603 




(26) 



M2 0 0 2— 2 0 5 1 8 



(51) int. ci. 7 mm^ 

B2 3K 26/06 
C 0 3 B 33/08 



F I 7-73-K (##) 

B2 3K 26/06 Z 
C 0 3 B 33/08 

F^-A(##) 4E068 AE01 CA02 CA03 CA11 CB05 
CC02 CD13 DA11 DB10 DB12 
DB13 

4G015 FA06 FB02 FB03 FC02 FC10 
FC14 



